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FIGURE 1 Dependence of Segmental and Global Strain on
Image Features
(A) Original image with epicardial (blue) and endocardial (red)
contours (Original), and masked images for myocardium (Myo),
extra-myocardium (ExMyo), and both (Contour). (B) Mean dif-
ferences between tagging and steady-state free precession
(SSFP) circumferential segmental strain were greater for ExMyo
and Contour, than Original or Myo. (C)Mean differences between
original SSFP and masked SSFP segmental strain were greater for
ExMyo and Contour than Myo. Asterisks indicate Bonferroni sig-
niﬁcant segmental differences >1% (corrected for [24  23]/2
possible interactions). A ¼ anterior; AL ¼ anterior lateral; AS ¼
anterior septal; I¼ inferior; IL¼ inferior lateral; IS¼ inferior septal.Myocardial circumferential strain is a direct measure
of tissue function that, unlike ejection fraction, is not
directly inﬂuenced by ventricular size and shape.
Strain estimated from standard cine cardiac magnetic
resonance (CMR) steady-state free precession (SSFP)
images using image feature tracking has excellent
global agreement with CMR tagging over the whole
slice (1). However, segmental strains show large dif-
ferences (1). We investigated the determinants of
segmental SSFP strain in 85 patients (age 67  6 years,
63 men) who participated in the ONTARGET (ONgoing
Telmisartan Alone and in Combination With Ramipril
Global Endpoint Trial) study (2). Written informed
consent was obtained, and the institutional review
board approved the study. Retrospectively gated
SSFP cine images and prospectively gated tagged
gradient echo (FLASH) images were acquired in the
same short-axis locations (n ¼ 414 slices in total) on a
1.5-T Siemens Avanto scanner (Siemens Healthcare,
Erlangen, Germany).
Epicardial and endocardial contours were manually
placed on the ﬁrst (end-diastolic) frame of each short-
axis slice (Figure 1A). A generalized feature tracking
and strain analysis framework (3) was used to track
motion and calculate strain in both SSFP and tagged
images. Epicardial and endocardial contours were
obtained for each frame by tracking the end-diastolic
contours. The SSFP images were then modiﬁed by:
1) replacing all pixels between the epicardial and
endocardial contours with a constant value (Myo);
2) replacing all pixels outside the myocardium with
a constant value (ExMyo); and 3) replacing both
regions with constant values, leaving contour infor-
mation only (Contour) (Figure 1A). Fiducial landmarks
placed at the anterior and posterior insertions of
the right ventricular (RV) free wall into the septum
were used to deﬁne 6 segments per slice.
Global circumferential strain showed very good
agreement between tagged and untagged estimates,
even if all image features except the contours were
masked (Figure 1B). However, regional bias in
segmental strain was found, with the septal wall
underestimated and the lateral wall overestimated
compared with tagging (analysis of variance [ANOVA]p < 2  1016). These differences were larger when the
image outside the myocardium was masked (ANOVA
p < 0.02). The agreement between original and
masked segmental SSFP segmental strain was worse
when the image outside the myocardium was
masked, whereas masking the myocardium made lit-
tle difference (Figure 1C).
The variability (standard deviation of the differ-
ences) between tagging and SSFP strain was smallest
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1466for the global estimate, and increased for the
segmental estimates for all SSFP estimates (5% vs.
9%, respectively). The variability between masked
and original SSFP estimates was largest for ExMyo
and Contour estimates.
Through-plane motion is likely to introduce errors
in strain. Because tags are created orthogonal to the
image plane, the tagging strain estimate is more robust
to through-plane motion. A 3-dimensional analysis
may give better agreement between untagged and
tagged estimates. Limitations include differences in
slice thickness (6 mm for SSFP and 8 mm for tagging),
which may give rise to small differences in strain.
Masking the myocardium also introduces different
endocardial and epicardial image edge features, which
may inﬂuence the feature tracking results. However,
Figure 1B shows that the Myo mask did not signiﬁ-
cantly change segmental estimates.
Our results support the conclusions that global
strain is primarily determined by changes in the
circumference, and that features outside the myocar-
dium greatly inﬂuence segmental strain estimates.
Because the anterior insertion point of the RV free wall
into the interventricular septum curves around the
left ventricle, through-plane motion gives rise to
apparent deformation. Also, relative motions of pap-
illaries and trabeculae give rise to strain artifacts. The
pericardium also creates a potential discontinuity
between myocardial and extracardiac motion.Brett R. Cowan, BE, MB, ChB
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of Chemokine Receptor 4 Expression After
Myocardial InfarctionDue to the inability of myocytes to regenerate, acute
and sustained ischemia usually results in irreversible
myocardial damage and subsequent remodeling pro-
cesses. Chemokine receptor 4 (CXCR4)/stromal cell-
derived factor (SDF)-1a play a pivotal role in the
recruitment and homing of stem and progenitor cells
to the infarct zone (1). Prolonged myocardial SDF-1a
expression after infarction has been demonstrated to
result in beneﬁcial outcomes (2) Additionally, CXCR4
is normally expressed on various immune cells and
therefore is involved in the orchestration of post-
infarct inﬂammation and its resolution (3).
Recently, a radiolabeled CXCR4 ligand ([68Ga]
Pentixafor) for positron emission tomography (PET)
imaging has been developed (4). This is the ﬁrst
report of noninvasive detection of CXCR4 expression
in the human myocardium after acute myocardial
infarction.
Seven patients (4 men and 3 women, mean age
62  14 years) with (sub)acute myocardial infarction
underwent imaging with cardiac magnetic resonance
(CMR) (n ¼ 6) and Pentixafor-PET (all, 126 to 161 MBq/
patient) within 5 to 10 days after symptom onset
(mean 8  2 days; delay between PET and CMR 1.0 
0.5 days). All patients gave written informed consent
before imaging. Static PET scans were acquired 60
min post-injection using an integrated PET/computed
tomography (CT) scanner (Siemens Biograph mCT 64,
Siemens, Knoxville, Tennessee). CMR was performed
on a 1.5-T scanner (Achieva 1.5T, Philips Healthcare,
Best, the Netherlands) including steady-state free
precession cine, T2-weighted turbo spin echo, and
multishot inversion recovery turbo ﬁeld echo
sequences.
Images were ﬁrst inspected visually. For quantiﬁ-
cation of increased tracer uptake, a visual score using
the terms mild, moderate, and intense was employed.
Affected areas were documented using the 17-
segment American Heart Association heart model.
For semiquantitative analysis, a 15-mm circular
region was placed over the infarcted areas to derive
maximum standardized uptake value (SUVmax) and
